Introduction
Office buildings are a key resource for all types of organisations, both public and private (Gibson, 1994; Bruhns and Isaacs, 1992) . There is a common understanding of an office building as a workplace that accommodates the information and knowledge processing activities of an organisation, including filing, planning, designing, supervising, analysing, deciding and communicating. Office buildings developed from the need to plan, co-ordinate and administer these activities (Aronoff and Kaplan, 1995) . Acquiring and maintaining office buildings in a suitable state is an important function for any organisation (Bruhns and Isaacs, 1992) . Failure to do so may have an adverse affect on building users. The users of office buildings include occupants (employees who work in the building), senior managers or executives in the organisation (who may not necessarily work in the building) and visitors, including members of the public, who have business in the building (Gray and Tippett, 1992) .
Occupants are the true end users of office buildings. The notion is slowly taking hold that occupants should be treated as valued customers by the providers of the office facilities they occupy (Szigeti et al., 1997) . High priority should go to meeting the needs of occupants to ensure that their workplaces provide the required level of utility at an acceptable cost. The word``utility'' is used in this paper to indicate``usefulness or a potential capacity to provide a A method for evaluating workplace utility 219 service'' (Salway, 1986, p. 50) . Over time the level of utility provided by an office building will vary as shifting political, economic, social and technological conditions result in changing occupant expectations (Ohemeng and Mole, 1996) . When the level of utility falls below that required by occupants, there is a risk that organisations will experience increased rates of churn [1] , reduced productivity, higher employee turnover, increased staff absenteeism and rising health care costs related to on the job stress (Building Research Board, 1993; Baird et al., 1996; Sutherland and Cooper, 2000; Clements-Croome and Kaluarachchi, 2000) .
This risk is of concern to public sector organisations in the UK. Public sector office buildings are valuable assets that can provide long and high-quality service if managed effectively. Public sector organisations have a responsibility to make best use of their office buildings in order to obtain best value from public assets; failure to do so may impose significant costs on building occupants and, ultimately, the public at large (Building Research Board, 1993) . In many public sector organisations this responsibility lies with facility managers, who are concerned with workplace issues that immediately affect building occupants (Avis et al., 1993) . The dynamic nature of change within the public sector means that it is critical that facility managers are able to determine whether office buildings are providing the level of utility required by occupants, enabling attention to be drawn to potential obsolescence (Bottom et al., 1999) .
The divergence of actual utility from required utility presents two problems for facility managers: first, to identify, and second, to quantify the difference in utility (Aikivuori, 1996) . Techniques such as post-occupancy evaluation, ORBIT 2.1, real estate norm, serviceability and building quality assessment have been developed to provide consistent, reliable measures of various facets of office building performance (Baird et al., 1996) . However, none of these techniques are suitable for measuring workplace utility, as defined in this study because they are, in the main, expert-based techniques (Bottom et al., 1999) . In defining workplace utility there is a degree of subjectivity on the part of occupants, as the utility of a building is a function of individual perceptions and expectations (Williams, 1985) . At the same time, it is often difficult for occupants to articulate their expectations and perceptions in language that can aid facility managers (Gray and Tippett, 1993) .
The aim of the research discussed in this paper was to develop a scale that could be used by facility managers to elicit the opinions of occupants regarding the utility of their workplace. This paper reports the results of the research. It begins by explaining the background theory underpinning the measurement of utility in the research. This paper then discusses the data collection methods used for selecting and revising the scale items. The third section of this paper discusses the data analysis used to identify the critical factors and significant scale items. Concluding, this paper discusses the results of the research, the potential applications of the scale and areas for further study. 
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Research method
To fulfil the aim of the research involved:
(1) developing a valid and reliable scale for measuring the utility of public sector buildings; and (2) testing the scale by evaluating the utility of a public sector office building.
The research method was based on Churchill's (1999) procedure for developing multi-item measures of social constructs (Table I ). This procedure was used to ensure that the final scale was both valid and reliable. The first stage of the procedure (Table I ) entailed specifying the domain of the construct being studied. This involved defining the concept of``utility''. When applied to buildings, the word``utility'' has traditionally been``used in the every-day sense of indicating usefulness or a potential capacity to provide a service'' (Salway, 1986, p. 50) . If a building is no longer useful, it is obsolete (Smith et al., 1998) . According to Williams (1985) the utility of a building is a function of the expectations and perceptions of its occupants. The expectations of occupants vary enormously, placing a wide variety of potential demands on buildings. Even for a generic activity, such as office work, certain tasks place special demands on the physical environment in which they occur. Some occupants work in ways that are unique in certain respects and set them apart from others (Gray and Tippett, 1993) . Moreover, occupants may have different priorities concerning attributes of the building. This means that the minimum standard of accommodation will vary with each occupant; one occupant may expect a high level of environmental control and high quality finishes, whereas others may only expect the minimum level of shelter and security. A building that is unsuitable for one occupant may therefore yield a high level of utility for another (Williams, 1985) .
The utility of a building is also influenced by individual occupant perceptions. Williams (1985) argued that perceptions relate to all aspects of the building and its environment, and are affected by a range of factors including the knowledge and experience of occupants, their familiarity with other buildings and social context (Table II) . Clearly, the assessment of the utility of a Churchill (1999, p. 463) A method for evaluating workplace utility
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building with regard to the occupant's expectations is a complex decisionmaking process that is strongly influenced by individual occupant perceptions. The expectations and perceptions of building occupants are therefore a significant factor in measuring the utility of a building, and ultimately in ascertaining at what point a building is obsolete (Williams, 1985) .
Data collection
The second stage of the research (Table I) involved conducting focus groups to generate a sample of items for inclusion in the scale. Focus groups are a qualitative research technique in which a small number of participants discuss elected topics as a group for approximately one or two hours, while the interviewer focuses the discussion onto relevant subjects in a non-directive Table II .
Factors influencing occupant perceptions
Factor Effect Relativity Relative conditions are easier to perceive than absolute conditions, this being in direct proportion to the magnitude of the relative difference. For instance, it is easier to judge that one building is in better condition than another than it is to judge the condition of a building in isolation Significant aspects Some aspects of a building are easier to perceive than others. For example, the decorative state of repair and the internal thermal environment are easier to perceive than structural performance or the adequate provision of fire exits. These aspects may have a disproportionate influence on the overall assessment of utility Knowledge and past experience These are important where the occupant has particular knowledge relating to the building itself or the activity in question. The occupant's experience of other buildings will also influence their perceptions Level of involvement Infrequent visitors are likely to perceive change as being at a higher rate than the occupants due to their discontinuous view of the building. Occupants may overlook lesser changes that would be perceptible to infrequent visitors. Visitors and occupants are also likely to perceive different aspects of the building Social context Where judgements are made by an occupant, either as part of a group or individually, but with knowledge of the group consensus, then the occupant's perception will tend to concur with that consensus more than if the occupant's perceptual judgement was formed in isolation. Hence, if a building has a poor reputation, it is likely to be perpetuated Tastes and fashions Fashion permeates all facets of life and experience suggests that whatever the long term view about a particular style, it will invariably fall out of favour in the medium term; changes in fashion provoke an adverse reaction against styles that characterised the preceding era (Salway, 1986) Source: Adapted from Williams (1985) PM 21,4 222 manner (Tynan and Drayton, 1986 ). The technique is based on the premise that individuals' attitudes and beliefs do not form in isolation, and that people need to hear other opinions before forming their own (Marshall and Rossman, 1999) . Focus groups were used to identify the criteria by which occupants evaluate the utility of their workplace. Three focus groups, comprising a total of 20 people, were conducted with occupants of a public sector office building. An interview guide, containing ten questions, was used to direct the discussion. The results of the focus groups were recorded, transcribed, coded and analysed. In total, the focus groups generated 87 items representing attributes of the workplace utility construct. Each item was recast into two statements: one to measure occupant expectations of office buildings; and, the other to measure perceptions of the particular office building being assessed. A seven-point scale accompanied each statement, ranging from``strongly agree'' (7) to``strongly disagree'' (1), with no verbal labels for scale points 2 through 6. An additional category,``not applicable'' (0), was also included. The expectation statements were grouped together and formed the first part of the survey instrument, whilst the corresponding perception statements formed the second half. A pilot study suggested the number of statements be reduced from 174 to 110 by eliminating and combining items.
Stage three of the research (Table I) involved collecting data from a sample of office building occupants to enable refinement of the 55-item scale. The URL[2] of the survey instrument was e-mailed to the 1,800 occupants of a public sector office building. The e-mail also served to explain the rationale and background to the study. Respondents were given two weeks in which to complete the survey instrument. Of the 1,800 recipients, 355 people responded within the specified time period, a 20 per cent response rate. This could be regarded as``low''. However, when placed into context with response rates from comparable data collection techniques, for example the postal survey, it is to be expected. Factors believed to have had an impact on the response rate include the length and repetitive nature of the survey instrument and the inability to personalise the e-mail inviting respondents to participate.
Data analysis
The fourth stage of the research (Table I) involved analysing the survey data to produce a valid, reliable and parsimonious scale. Raw data used in the analysis were in the form of difference scores, with values ranging from 6 to ±6. For each of the 55 items a difference score U (representing utility along that item) was defined as U = P ± E, where P and E were the ratings on the corresponding perception and expectation statements, respectively. The idea of using difference scores to purify a multiple-item scale is not new and has been used in developing scales for other social constructs (Ford et al., 1975; Parasuraman et al., 1988; Hoxley, 2000) . Missing data[3] were recoded and a missing value analysis was conducted using SPSS, which revealed that missing data were randomly distributed across the data matrix. Mean series values were then calculated and used to replace missing data, thereby maximising the number of A method for evaluating workplace utility 223 valid cases in the analysis (Hair et al., 1995) . The replacement of missing data has the effect of``smoothing'' individual variables so that the influence of extreme values is diminished. This approach could be regarded as`c onservative'', but given the potential drastic decline in cases due to the combined impact of missing values it was regarded as justifiable.
Analysis of the empirical data entailed examining the dimensionality of the 55-item scale using factor analysis [4] and testing the reliability of the set of items using Cronbach's alpha. Values of Cronbach's alpha, the most widely used reliability coefficient, can range from 0 to 1, with higher figures indicating greater scale reliability (Hoxley, 2000) . Cronbach's alpha was calculated before and after the factor analysis. A total scale Cronbach's alpha of 0.96 indicated that the scale had very good reliability prior to factor analysis. However, values of Cronbach's alpha across the 55 items ranged from 0.35 to 0.66, suggesting that deletion of certain items would improve alpha values. Corrected item-to-item correlations were used to decide whether to delete an item (Churchill, 1979) . Corrected item-to-item correlations were plotted by decreasing order of magnitude. None of the items had very low correlations (near zero), nor did they produce a substantial or sudden drop in the plotted pattern (Churchill, 1979) . All 55 variables were therefore included in the factor analysis.
The suitability of the data had to be determined before factor analysis could be used. Inspection of the correlation matrix, which shows the correlations between the variables, revealed a considerable number of correlations exceeding 0.30, suggesting that the matrix was suitable for factoring (Hair et al., 1995) . The anti-image correlation matrix was also examined, indicating that all measures of sampling adequacy were well above the acceptable level of 0.50 (Coakes and Steed, 2001) . Finally, the Bartlett test of sphericity, a statistical test for the presence of correlations between variables, was significant and the Kaiser-Meyer Oklin measure of sampling adequacy was 0.93, well above the acceptable level of 0.50 (Coakes and Steed, 2001 ). These measures all indicated that factor analysis was appropriate.
Factor analysis of the 55 variables, using principle axis factoring and oblique rotation, revealed 32 variables loaded across eight factors, representing 62 per cent of the total variance. All 32 variables had a communality of 0.50 or more and a factor loading of 0.25 or more; variables with factor loadings less than 0.25 were considered insignificant. Interpretation of the pattern matrix (Table III) resulting from the factor rotation revealed four definable factors, representing 22 variables. This suggested that workplace utility could be measured along four dimensions:
(1) Factor 1 was concerned with space``configuration' ' issues, such as amount of informal meeting space, potential for chance interaction and ease of circulation. (2) Factor 2 was loaded with six``environment' ' related variables, such as adequacy of ventilation, degree of individual control of temperature and PM 21,4
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responsiveness to changes in temperature. This grouping is not surprising, since previous research (Leaman and Bordass, 2000) identified these as being key variables in the evaluation of office facilities.
(3) Factor 3 was concerned with the``appearance'' of the office building, and includes variables such as the modernity of interior areas, exterior appearance and tidiness.
(4) Factor 4 was comprised of six variables that relate to the``functionality'' of the building, including the level of conversational privacy, adequacy of workspace and potential to work free from distraction.
The final part of the analysis involved assessing the validity of generalising the results to the population and reliability of the 22-item scale for use in future research. Reliability was evaluated by calculating Cronbach's alpha for each of the four dimensions and for the scale as a whole (Table IV) . These figures were all high and comparable to those of other survey instruments developed using this procedure (Parasuraman et al., 1988; Nelson and Nelson, 1995; Hoxley, 2000) . The total scale alpha of 0.93 indicated that the scale has very good reliability. Validation of the scale involved splitting the sample into two samples and re-estimating the factor models to test for comparability and A method for evaluating workplace utility 225 generalisability. The two factors solutions were by and large comparable across the four dimensions, boosting confidence in the application of the results to the sample population.
Discussion
The 22-item scale developed in the research can be used by facility managers to evaluate the appearance, configuration, environment and functionality of public sector office buildings. The utility of an office building can be determined by dividing perceptions scores by expectations scores, an approach that has been used in previous building evaluation research (Bottom et al., 1999) . Mean values can then be computed for each of the four factors. The resultant values range from 0 and 7, where values higher than 1 represent above minimum acceptable utility (perceptions exceed expectations), 1 indicates minimum acceptable utility (perceptions match expectations) and values less than 1 represent below minimum acceptable utility (expectations exceed perceptions). Figure 1 illustrates the distribution of data from a pilot evaluation of a ten storey, 1970s office building. The building had an irregular layout, with multiple wings and courtyards, and large floor areas (typically in the 2500-3500m 2 range), resulting in long travel distances (in excess of 75m) and numerous (5-7) direction changes between work spaces, and public areas and common amenities. Building services provision comprised a wet heating system, which was controlled centrally by means of a building management system, and natural ventilation via openable windows.
The boxplots in Figure 1 show the distribution of scores (cross-hairs), interquartile range (box) and median values (middle line) for each of the four factors. Interpretation of indicates that for the majority of occupants, the office building exhibited below minimum acceptable utility across all four factors. There is, however, variation within and between factors. Comparing the four boxplots, there was much greater variability in the utility of the first factor (appearance), its median value was higher (0.67), as was the number of scores with a value greater than 1 (minimum acceptable utility). The third factor (environment) had the least utility of the four factors, with the lowest median value (0.46) and the highest number of scores below 1. The variation within and between the four factors could be further analysed by comparing the The pilot evaluation served to test the effectiveness and usefulness of the scale developed in the research. However, the conclusions that can be drawn about the utility of the office building are strictly limited. This is because a raw score on a measuring scale is not particularly informative about the position of a given object on the characteristic being measured, since the units in which the scale is expressed are unfamiliar (Churchill, 1979) . To assess the position of an object on a characteristic it is necessary to compare the object's score with the score achieved by other objects (Churchill, 1979) , a process known as`d eveloping norms'' ( Table I ). The scale developed in this study should therefore be used to evaluate the utility of a larger sample of public sector office buildings. This would enable the determination of standards to explain what scores on the scale constitute``high'',``low'',``standard' ' and``optimum' ' utility, and confirm whether or not the scale is generalisable to a wider population.
According to Churchill (1979) , it is often necessary to develop distinct norms for separate groups of respondents. Hence, in future research, the 22-item scale should be administered with an additional set of questions to ascertain specific information about the objectives of respondents, such as their job characteristics and working practices [5] . This would enable the researcher to account for possible variations in perceptions and expectations arising from occupant specific factors, such as knowledge and experience, level of involvement or social context. A further weakness of the pilot evaluation is the inability properly to explain variations in utility across for the various aspects of the office building. Future research could address this problem by collecting 
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data on the physical characteristics of the office building(s) being evaluated. These data could then be correlated with results from the utility scale to try to identify physical characteristics that give rise to particularly``high'' or``low'' levels of workplace utility.
Conclusion
The utility of an office building is a measure of its usefulness, and is a function of the expectations and perceptions of the building's users. The objectives of the research discussed in this paper were to develop a valid and reliable scale that could be used to measure the utility of public sector office buildings, and test the effectiveness of the scale by conducting a pilot evaluation. These objectives have been fulfilled. The 22-item scale developed in this study can be used to elicit the expectations and perceptions of occupants regarding the appearance, configuration, environment and functionality of their office accommodation. Further analysis showed the scale to be both valid and reliable. Application of the scale in a pilot evaluation served to highlight variations in the utility of the four different aspects of the office building. The results of the evaluation indicated that the internal environment, in particular, failed to meet the expectations of the building's occupants. However, further research is required to test the generalisability of the scale to larger population of public sector office buildings and to provide a benchmark for the pilot evaluation.
Notes
1.``The percentage of an office's population that changes location in a year'' (Brand, 1994, p. 168 ). 2. Uniform resource identifiers (URLs) are the standard way of specifying the location of a web page on the Internet and the form of address used on the World Wide Web (Howe, 1993) . 3. Values of 0, representing``not applicable'', were recorded as``system missing'' to prevent extreme scores skewing the results. 4. A statistical technique for condensing many variables into a few underlying factors or dimensions.
5. A revised instrument containing the 22-item scale and additional questions for identifying sub-groups is currently being used to evaluate the utility of 65 local authority office buildings.
